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FOREWORD 


This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Plastics 
Sectional Committee had been approved by the Petroleum, Coal and Related Products Division Council. 


While making this standard, considerable assistance has been derived from ISO 12418-2 : 2012 ‘Plastics — Post- 
consumer poly(ethylene terephthalate) (PET) bottle recyclates — Part 2 : Preparation of test specimens and 
determination of properties’. 


This standard is prepared in line with the Plastic Waste Management Rules, 2016 which states that carry bags 
made of recycled plastic or products made of recycled plastic shall not be used for storing, carrying, dispensing or 
packaging ready to eat or drink food stuff. Thus, this standard does not cover PET recyclates application for food 
packaging. 
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Indian Standard 


PLASTICS — POST-CONSUMER POLY(ETHYLENE 


TEREPHTHALATE) (PET) BOTTLE RECYCLATES 
PART 2 PREPARATION OF TEST SPECIMENS AND DETERMINATION OF PROPERTIES 


1 SCOPE 


This part of standard specifies the test methods to be 
used in determining the properties of post-consumer 
poly(ethylene terephthalate) (PET) bottle recyclates. 


2 REFERENCES 


The standards given below contain provisions which, 
through reference in this text, constitute provisions of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revisions, and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below. 


IS No./ Title 
International 
Standards 
2828 : 2001 Plastics — Vocabulary 


13360 (Part 4/ 
Section 1-1) 


Plastics — Methods of testing: Part 4 
Rheological properties, Section 1 
Determination of melt mass-flow 
rate (MFR) and the melt volume- 
flow rate (MVR) of thermoplastics, 
Sub-section | Standard method 
(under print) 
Plastics — Methods of testing: Part 4 
Rheological properties, Section 1 
Determination of melt mass-flow 
rate (MFR) and the melt volume- 
flow rate (MVR) of thermoplastics, 
Sub-section 2 Standard method 
(under print) 
13360 (Part 11/ Plastics — Methods of testing: 
Sec 9): 2004 Part 11 Special properties, Section 9 
Determination of the viscosity of 
polymers in dilute solution using 
capillary viscometers — General 
principles 
Plastics — Guidelines for the 
recovery and recycling of plastics 
waste (first revision) 


13360 (Part 4/ 
Section 1-2) 


14534 : 2016 


IS No./ Title 
International 
Standards 
ISO 1628-5 : Plastics — Determination of the 
1986 viscosity of polymers in dilute solution 
using capillary viscometer: Part 5 
Thermoplastic polyester (TP) 
homopolymers and copolymers 
ISO 15512: Plastics — Determination of water 
2008 content 


EN 15348 : 2007 Plastics — Recycled plastics — 
Characterization of poly(ethylene 
terephthalate) (PET) recyclates 


3 TERMS AND DEFINITIONS 


For the purposes of this standard, the terms and 
definitions given in IS 2828 and IS 14534 shall apply. 


4 CHARACTERIZATION OF PET RECYCLATES 


4.1 Classification of Characteristics 


The characteristics of PET recyclates are classified into 
two types, given in Table 1, as follows: 


a) those which are required for all recyclates (that 
is, mandatory characteristics); and 


b) customer specifications (these are optional). 
4.2 Test Methods 


The characteristics shall be determined using the test 
methods given in Table 1. A certificate of analysis, 
including the test results for each batch of recyclate, 
the sampling method and the number of replicates, 
shall be provided by the supplier to the purchaser on 
request. 

NOTE — The sampling method and the number of replicates 

are important in determining the quality of the material. Quality 


levels can vary within the batch and from batch to batch, 
depending on the source of the recyclate. 


Other tests may be carried out by agreement between 
the purchaser and the supplier. In such cases, the results 
of such tests shall be reported. 
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a) 


Table 1 Characterization of PET Recyclates 


Characteristic 


2 


(Clauses 4.1 and 4.2) 


Test Method 


6) 


Remarks 


(4) 


Mandatory Requirements 


i) 
ii) 
iii) 


iv) 


v) 


Form 
Colour 
Maximum flake size, mm 


Maximum pellet size, mm 


Intrinsic viscosity (IV), dl/g 


Visual examination 


Visual examination 


ISO 1628-5 in combination with 
13360 (Part 11/Sec 9) (including its 
Amendment ISO 1628-1 : 2009/ 
Amd 1), Annex A 


Flakes, pellets or powder 
Natural of coloured 
Determined by the size of the screen in the grinder 


Determined by the die opening of the pelletizer and 
measured by ruler or calipers 

Solvent shall be a mixture of phenol and 1,1,2,2- 
tetrachloroethane (6:4) 


vi) Contamination due to labels and Annex A Only for flakes 
other visible contaminants, mg/kg 
vii) Contamination due to poly (vinyl Annex A Only for flakes 
chloride), mg/kg 
viii) | Contamination due to polyolefins, Annex A Only for flakes 
and including adhesive, mg/kg 
ix) Water content, percent ISO 15512, Method B 
x) Bulk density, kg/m? Annex B 
Optional Items 
i) Melt volume-flow rate (MVR), Annex C 
cm?/10 min 
ii) Alkalinity, pH Annex D Only for flakes 


iii)  Filterability, 10 MPa/h/cm? 


EN 15348, Annex F 


ANNEX A 
(Table 1) 
METHOD FOR DETERMINATION OF IMPURITIES IN PET FLAKES 


A-1 GENERAL 


This annex specifies a method for determination of the 
content of the following impurities in flakes of PET 
recyclates: 


e pieces of label and other visible contaminants; 
e poly (vinyl chloride) (PVC); and 
e polyolefins (POs), and including adhesive. 


A-2 PRINCIPLE 


A weighed test portion of the recyclate is spread evenly 
over the bottom of shallow tray. 


The pieces of label and other visible contaminants are 
picked out using tweezers and weighed. The test 
portion, still in the tray, is then placed in a forced air 
circulation oven at 220°C for 1 h. 


During this heat treatment, the PVC in the test portion 
becomes discoloured and can be detected visually. The 
polyolefins in the test portion melt and turn yellow. 
The adhesive is also yellowed and might be 
indistinguishable from the polylefins. 


A-3 APPARATUS 


A-3.1 Oven, with forced air circulation, capable of 
being maintained at 220°C. 


A-3.2 Technical Balance, capable of weighing to the 
nearest 0.1 g. 


A-3.3 Analytical Balance, capable of weighing to the 
nearest 0.000 1 g. 


A-3.4 Spatula, made of wood or metal. 


A-3.5 Tweezers 


A-3.6 Tray, made of aluminium or enameled ironware, 
with a bottom of surface area not less than 0.055 m°. 


A-4 PROCEDURE 


Weigh out, to the nearest 0.1 g, approximately 100 g of 
flakes and record the mass (m,). Spread the flakes 
evenly over the bottom of the metal tray. 


Stir the flakes slowly in the tray with a spatula and pick 
out the pieces of label and other visible contaminants using 
tweezers. Continue this procedure for not less than 30 
min. Weigh the pieces of label and other visible 
contaminants picked out (m), using an analytical balance. 


Put the tray containing the remaining material into an 
oven, preheated to 220°C, and leave it at that temperature 
for 1 h. Remove the tray, allow to cool and inspect the 
material for not less than 30 min, as follows: 


a) Pick out the black carbonized particles (PVC). 
Weigh the particles picked out (m,), using an 
analytical balance. 

b) Pick out the yellow particles (POs and 
adhesive). If they are stuck to PET flakes, 
separate them. Weigh the particles picked out 
(m,), using an analytical balance. 


A-5 EXPRESSION OF RESULTS 
A-5.1 The content of label and other visible 


contaminants, expressed in mg/kg, is given by the 
following formula: 


IS 16630 (Part 2) : 2017 


Content of label and 


.. . m, x10% 
other visible contaminants = ———— 
Mo 
where 
m, = mass of label and other visible contaminants, 


in g; and 
mo = initial mass of the test portion, in g. 
A-5.2 The PVC content, expressed in mg/kg, is given 
by the following formula: 
6 
PVC content = MAME 
mM 
A-5.3 The PO content (which will include any adhesive 
present), expressed in mg/kg, is given by the following 
formula: 
6 
PO content = Ta 
My 
A-6 TEST REPORT 
The test report shall include the following information: 


a) areference to this standard; 

b) all details necessary for identification of the 
sample tested; 

c) the results of the test; 


d) details of any additional operations carried out 
or changes made in the procedure; and 


e) the date of the test. 


ANNEX B 
(Table 1) 
METHOD FOR DETERMINATION OF THE BULK DENSITY OF PET FLAKES 


B-1 PRINCIPLE 


A container of known volume is weighed and then filled 
with PET flakes up to the brim and re-weighed. The 
bulk density is calculated from the container volume 
and the mass of the PET flakes. 


B-2 APPARATUS 


B-2.1 Container, approximately 120 mm in diameter 
and approximately 150 mm in depth, with a smooth 
brim. 


B.2.2 Ruler, to remove sample material protruding 
above the brim of the container. 


B-2.3 Balance, capable of weighing to the nearest 0.1 g. 


B-3 PROCEDURE 


Take a sufficient amount of sample to allow three 
determinations to be carried out. 


Weigh the container (m,,) to the nearest 0.1 g. 


Using a suitable scoop, fill the container unit it 
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overflows. Tap the brim of the container three times 
and level the contents across the brim of the container 
using a ruler. Weigh the filled container (m,,) to the 
nearest 0.1 g. 


Repeat the above procedure twice to give three results. 
B-4 CALCULATION 


Calculate the bulk density from the following formula: 


m, —m,, X10° 
R, = —— = 


ma = mass of the test portion and container, in g; 
and 


V = volume ofthe container, in cm’. 
B-5 TEST REPORT 
The test report shall include the following information: 


a) areference to this standard; 

b) all details necessary for identification of the 
sample tested; 

c) the result of the test (the three individual 


v results plus their mean); 

anag d) details ofany additional operations carried out 

R, = bulk density, in kg/m’; or changes made in the procedure; and 

m,, = mass of the container, in g; e) the date of the test. 

ANNEX C 
(Table 1) 
METHOD FOR DETERMINATION OF MELT VOLUME- FLOW RATE (MVR) 
OF PET RECYCLATES 

C-1 GENERAL C-4 SIZE OF DIE 


This Annex specifies a method for the determination 
of the melt volume-flow rate (MVR) of PET recyclates 
in accordance with IS 13360 (Part 4/Sec 1/Sub-sec 1) 
and IS 13360 (Part 4/Sec 1/ Sub-sec 2). 


C-2 DRYING CONDITIONS 


Dry a test sample of PET recyclate at 160°C for 4+8 h 
in a circulating-air oven, prior to performing a 
compacted charge by compression. 


NOTE — Because PET is hygroscopic, its viscosity decreases 
rapidly due to hydrolysis if the material is allowed to absorb 
moisture. The test sample is therefore dried prior to testing in 
order to improve the comparability of test results. 


C-3 PREFORMING FOR FLAKES 


When flakes of PET recyclate are used, prepare a 
preformed compacted charge in accordance with 
Annex C of IS 13360 (Part 4/Sec 1/Sub-sec 1), using 
the following conditions: 

a) cylinder temperature: 240°C to 242°C; 

b) mass of sample placed in cylinder: 6 g to 8 g; 

c) load on piston: 1.5 kN; and 

d) loading time: 2 min under vacuum. 


A half size die of length 4.000 mm + 0.025 mm and 
bore diameter 1.050 mm + 0.005 mm [see IS 13360 
(Part 4/Sec 1/ Sub-sec 1) and IS 13360 (Part 4/Sec 1/ 
Sub-sec 2)] shall normally be used. If testing materials 
using this die gives a melt volume-flow rate of less than 
5 cm?/10 min; the standard die 8.000 mm + 0.025 mm 
in length and having a bore of nominal diameter 
2.095 mm should preferably by used. 


C-5 TEST TEMPERATURE 

A test temperature of 280°C shall be used. 

C-6 SIZE OF TEST SAMPLE 

A test sample of mass 6 g to 10 g shall be used. 
C-7 NOMINAL LOAD ON PISTON 

The nominal load on the piston shall be 5 kg. 
C-8 CHARGING THE CYLINDER 


Introduce the dried test sample into the cylinder 
immediately after it has been taken out of the oven in 
order to avoid moisture regain. During the charging, 
compress the material with the packing rod using hand 


pressure. Ensure the charge is as free from air as possible. 
Complete the charging process in less than 30 s. 


If the sample is in flake form, introduce the preformed 
compacted charge immediately after the performing 
process, and complete the charging process in less 
than 30 s. 


C-9 PREHEATING TIME 
A preheating time of 5 min shall be used. 


It is recommended that a die plug be inserted in the 
exit so that it effectively prevents molten low-viscosity 
material from coming out through the die exit during 
the pre-heating period. 


C-10 MEASUREMENTS 


Measure the time taken by the reference mark on the 
piston to cover a specified distance or measure the 
distance or measure the distance moved by the piston 
during a predetermined time. 


The time between the end of charging the cylinder and 
the end of measurement should preferably not exceed 10 
min to avoid degradation of the material during the test. 


C-11 CLEANING THE APPARATUS 


The apparatus, including the cylinder, the piston and 
the die, shall be cleaned thoroughly after each 
determination. The presence of contaminants or their 
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thermolysis products is major problem as these might 
accelerate hydrolytic degradation of a hygroscopic 
material like PET. 


C-12 EQUATION FOR CONVERTING MVR 
TOIV 


A very good correlation has been found between log 
(MVR) and IV. In the case of homopolymers, the 
following equation has been established on the basis 
of data from four laboratories: 


log (MVR) = 2.400IV + 2.735 
Since such a conversion equation might depend on the 
type of comonomer, it is recommended that a specific 
equation be established for each type of PET. In the 
case of PET recyclate, it is necessary to establish a new 
conversion equation each time source of the recyclate 
changes. 


C-13 TEST REPORT 
The test report shall include the following information: 


a) areference to this standard; 

b) all details necessary for identification of the 
sample tested; 

c) the result of the test; 

d) details of any additional operations carried out 
or changes made in the procedure; and 

e) the date of the test. 


ANNEX D 
(Table 1) 


POTENTIOMETRIC METHOD FOR DETERMINATION OF RESIDUAL 
ALKALINITY OF PET RECYCLATES 


D-1 GENERAL 


This Annex specifies a method for the determination 
of the residual alkalinity in PET recyclates. 


NOTE — It has been prepared on the basis of the procedure 
described in EN 15348 : 2007, Annex E. 


D-2 PRINCIPLE 


A given quantity of sample is mixed, by stirring, with a 
measured volume of distilled water. The residual alkali 
present on the surface or the pieces or particles of the 
PET recyelate contributes to an increase in the pH of 


the water, which can be measured using a combined 
glass electrode pH-meter. 


D-3 APPARATUS 


D-3.1 Magnetic Stirrer or Mechanical Stirring 
Device. 


D-3.2 Balance, capable of weighing to the nearest 0.1 g. 
D-3.3 Beaker, capable 1 000 ml. 
D-3.4 Graduated cylinder, capacity 500 ml. 


D-3.5 pH-meter, with combined glass electrode. 
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D-4 MATERIALS 
D-4.1 Distilled Water, with a pH between 6 and 8. 


D-5 PROCEDURE 


Calibrate the pH-meter with buffer solutions of known 
pH. Weigh exactly 100 g of the sample into a 1 000 ml 
beaker and add 500 ml of distilled water. Stir for 10 min, 
ensuring that all the PET recyclate is completely 
immersed in the water during this time. 


After stirring, decant off the solution, immerse the pH 
probe in it and record the pH when it has stabilized. 


D-6 EXPRESSION OF RESULTS 
Report the result of the analysis as the pH of the 


solution, together with the initial pH of the distilled 
water for comparison. 


D-7 TEST REPORT 
The test report shall include the following information; 


a) areference to this standard; 

b) all details necessary for identification of the 
sample tested; 

c) the result of the test; 

d) details of any additional operations carried out 
or changes made in the procedure; and 

e) the date of the test. 
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